carboxamide ligands (HL) has been synthesized and structurally characterized by various spectroscopic techniques and single crystal X-ray diffraction crystallography. The cis-[Cu(L-κ 2 S,O)2], C28H50CuN4O2S2: Monoclinic, space group P21/n (no. 14), a = 10.025(2) Å, b = 21.724(4) Å, c = 14.848(3) Å, β = 100.60(3)°, Z = 4, Dcalc = 1.259 g/cm 3 , 22069 reflections measured (5.88° ≤ 2Θ ≤ 50.2°), 5639 unique (Rint = 0.0630, Rsigma = 0.0678) which were used in all calculations. The final R1 was 0.0488 (≥2σ(I)) and wR2 was 0.1277 (all data). Single crystal analysis revealed that a square-planar coordination geometry is formed around the copper atom by two sulphur and two oxygen atoms of the related ligand, which are in a cis configuration.
Introduction
Acyl substituted thioureas were first synthesized by Neucki [1] . These ligand systems of thioureas are attractive scaffolds for several reasons (I) potential applications in a wide range of fields are being investigated and (II) these compounds are easily synthesized in high yields. Many acyl thiourea derivatives are well known as collectors in froth flotation processes [2, 3] and as ionophores in ion-selective electrodes [4] [5] [6] . At the same time some of them are display a wide range of biological activity including insecticidal, herbicidal, antibacterial, antifungal, antitubercular, antithroid, antihelmintic, rodenticidal and plant-growth regulator properties [7] [8] [9] [10] . Thiourea derivative ligands are tend to coordinate to both transition group and main group metal ions via both sulfur and oxygen providing a multitude of bonding possibilities [11] [12] [13] . Copper(II) complexes of acyl thiourea ligands have been described repeatedly in the literature with regard to their synthesis and general characterization [14] [15] [16] and molecular structures [17] [18] [19] [20] . These copper(II) complexes are in every case nearly square-planar neutral bis chelates with a cis arrangement of the ligands around the copper atom. In this study, we describe the single crystal structures of N-(din-propylcarbamothioyl)cyclohexanecarboxamide ligand based copper(II) complex.
Experimental

Instrumentation
Melting points were recorded on electrothermal model 9200 apparatus. Carbon, hydrogen and nitrogen analyses were carried out on a Carlo Erba MOD 1106 elemental analyzer. Infrared measurement was recorded in the range 400-4000 cm −1 on a Perkin Elmer Spectrum 100 series FT-IR/FIR/NIR Spectrometer Frontier, ATR Instrument. The NMR spectra were recorded in CDCl3 solvent on Bruker Avance III 400 MHz NaNoBay FT-NMR spectrophotometer using tetramethylsilane as an internal standard.
Crystallographic measurements of the compound were carried out at 153(2) K using a Bruker APEX-II CCD areadetector diffractometer. The intensity data were collected using graphite monochromated MoKα radiation, λ = 0.71073 Å. Absorption corrections were applied with the program SADABS [21] . The structure was solved by direct methods SHELXS-97 [22] , and refined by full-matrix least-squares techniques on F 2 using SHELXL-97 with refinement of F 2 against all reflections.
Scheme 1 Scheme 2
Hydrogen atoms were constrained by difference maps and were refined isotropically, and all non-hydrogen atoms were refined anisotropically. The molecular structure plots were prepared using OLEX2 [23] . The anisotropic thermal parameters and structure factors (observed and calculated), full list of bond distances, bond angles and torsional angles are given in supplementary materials. The 
Reagents
The cyclohexanecarbonyl chloride, copper(II) acetate were purchased from Sigma Aldrich. Potassium thiocyanate and din-propylamine were purchased from Merck and used as received. All other chemicals and solvents were obtained from commercial suppliers and used without further purification.
Synthesis of the ligand
The ligand was prepared according to procedure reported in the literature [24] . A solution of cyclohexanecarbonyl chloride (0.005 mole) in acetone (30 mL) was added dropwise to a suspension of potassium thiocyanate (0.005 mole) in acetone (30 mL). The reaction mixture was heated (50 °C) under reflux for 30 min, and then cooled to room temperature. A solution of di-n-propylamine (0.005 mole) in acetone (30 mL) was added and the resulting mixture was stirred for 2 h. Hydrochloric acid (0.1 N, 100 mL) was added and the solution filtered. The solid product was washed with water and purified by recrystallization from an ethanol:dichloromethane mixture (1:2, v:v) (Scheme 1). 
N-(Di-n-propylcarbamothioyl)cyclohexane carboxamide
Synthesis of the copper(II) complex
The copper(II) complex was prepared according to the method described [25] [26] [27] . The solution of ligand (10.0 mmol) in ethanol (50 mL) was added dropwise a solution of copper(II) acetate (10.0 mmol) in etanol (50 mL) at room temperature. The reaction mixture was stirred for 30 min, and then cooled to room temperature. A precipitate was formed which was filtered off and recrystallized from ethanol: dichloromethane mixture (2:1, v:v) (Scheme 2). 
Bis(N-(di-n-propylcarbamothioyl)cyclohexanecarboxamido) copper(II), cis-[Cu(L-κ
Result and discussion
The cyclohexanecarbonyl chloride reacted with a potassium thiocyanate in acetone. This reaction resulted in the formation of cyclohexanecarbonyl isothiocyanate. The product could be used for the next step without purification. Then the cyclohexanecarbonyl isothiocyanate reacted with di-npropylamine. The resulting product N-(di-n-propylcarbamo thioyl)cyclohexanecarboxamide was purified by recrystallization from an ethanol:dichloromethane mixture and charac- terized by elemental analyses, 1 H NMR, 13 C NMR and FT-IR spectroscopy. Scheme 1 shows the pathway for the synthesis of the ligand. The reaction of the ligands with copper(II) acetate at room temperature in ethanol as solvent yielded the complex. Scheme 2 shows the pathway for the synthesis of the copper(II) complex. The metal complex was recrystallized from ethanol:dichloromethane mixture and characterized by various spectroscopic techniques and also by X-ray crystallography. Data of all synthesized compounds confirm the proposed structures. The IR spectra of prepared ligand was showed characteristic band at 3231 cm −1 corresponding to ν(NH) stretching bond. In addition, the strong ν(C=O) stretching vibration band was observed at 1655 cm −1 . Moreover synthesized ligand show weak intensity ν(C=S) stretching vibration at the 1313 cm −1 . The FT-IR spectra of the copper(II) complex display important differences when compared with the FT-IR spectra of the free ligand. The most important difference is the ν(NH) stretching band of free ligand disappeared completely in the spectrum of the copper(II) complex indicating the deprotonation of the NH group. The main vibrational bands of the investigated compounds are given in the experimental section.
The signals belong to the NH group of the ligand was observed as a singlet at δ 7.89 ppm in the NMR spectrum. This Figure 1 .
The results confirmed the connectivity of ligand to the metal in 2:1 and the square planar geometry around the metal centre (O2-Cu1-O1 87.61(11), O2-Cu1-S2 94.42(8), O1-Cu1-S2 157.47(8) and O2-Cu1-S1 155.91(8)°) ( Table 3) .
In the complex, the ligand forms by coordination a bis chelate with cis arrangement of the donor atoms sulphur and oxygene. The Cu1-S1, Cu1-S2, Cu1-O1 and Cu1-O2 bond lengths are 2.2511(11), 2.2372(12), 1.938(3) and 1.930(2) Å, respectively, and Cu1-S bond lengths are longer than Cu1-O bond lengths (Table 2 ). This indicates the stronger bonding of the oxygen atom to Cu(II) than sulphur atom. The C7-N1, N2-C8, C7-N2, N4-C22, N4-C21, and N3-C21 bond lengths are 1.339(5), 1.325(5), 1.341(5), 1.315(5), 1.340(5) and 1.342(4) Å, respectively, and these bond lengths are shorther than the normal C-N single bond (1.48 Å) and longer than normal C=N double bond (1.25 Å) [28] . But N1-C4, N1-C1, N3-C15 and N3-C18 bond lengths are 1.467(5), 1.485(5), 1.473(4) and 1.478(4) Å, respectively, and these bond distance are similar to the normal C-N single bond [29] [30] [31] [32] [33] [34] [35] [36] .
The double bond character of the carbonyl and thiocarbonyl groups when compare with literature results are weakened (C22-O2 1.270(4), C8-O1 1.273(4), C21-S2 1.740(4) and C7-S1 1.739(4) Å) due to the donation of electron to the metal centre. The cyclohexane rings (C9-C10-C11-C12-C13-C14 and C23-C24-C25-C26-C27-C28) in the copper(II) complex exhibits chair conformation as can be seen in Figure 2 . In this conformation, all hydrogen atoms are staggered and all C-C-C bond angles are nearly tetrahedral with a value of approximately at ∼111°. These bond angles are typical for chair conformation of cyclohexane ring [37] . The unit cell and packing of the complex is given in Figure 3 . 
Conclusions
Cis-copper(II) complex of N-(di-n-propylcarbamothioyl) cyclohexanecarboxamide ligand has been successfully synthesized and characterized by a single-crystal X-ray diffraction study. Single crystal analysis revealed that the ligand forms by coordination a bis chelate with cis arrangement of the donor atoms sulphur and oxygene.
